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@ A vibration damper (30) is disposed between 
each adjacent pair of turbine buckets (10) of a 
gas turbine engine to act in a V-shaped groove 
defined by bevelled platform surfaces (20) of the 
adjacent buckets (10). The damper (30) is 
wedge-shaped in cross section and is provided 
with a pad (40) on one side and two pads (36,38) 
on another side. When the damper (30) is pro- 
pelled into the groove by centrifugal force (44), 
it assumes a consistent equilibrium position 
with the raised surface (40) of the one pad 
slidingly engaging one of the platform bevelled 
surfaces (26) and the raised surfaces of the 
other two pads (36.38) slidingly engaging the 
other bevelled platform surface to dissipate 
vibrational energy in the buckets (10). ' 
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The present invention relates to gas turbine en- 
gines and particularly to the damping of vibrations in- 
duced in the turbine blades or buckets. 

Background of the Invention 

Gas turbine engines include turbine sections 
comprising a plurality of blades or buckets mounted to 
the periphery of a rotor wheel or disc In dosely, angu- 
lariy spaced relation. The turbine blades project into 
the hot gas stream to convert the kinetic energy of this 
working fluid stream to rotational mechanical energy. 
To accommodate material growth and shrinkage due 
to variations In temperature and centrifugal forces, the 
buckets are typically provided with root sections of a 
"fir tree" oonfiguratton, which are captured in dovetail 
slots in the rotor disc periphery. During engine oper- 
ation, vibrations are induced in the turbine buckets. If 
left unchecked, these vibrations can result in prema- 
ture^atigue failures in the buckets. 

To dissipate the energy of these vibrations and 
hence lower vibrational amplitude and associated 
stresses, it is common practice to dispose dampers 
between adjacent buckets In positions to act against 
surfaces of tangentially projecting bucket platfonms. 
When the turbine section rotates, the dampers are 
pressed against the platfonm surfaces by centrifugal 
forces. As the buckets vibrate, the damper and plat- 
form surfaces slide on each other to produce frictional 
forces effecthfe in substantially absorbing and thus 
dissipating much of the vibrational energy. 

The vibratory motion of the buckets is complex, 
but may be considered as composed of two basic 
modes. One is the tangential mode, wherein tiie direc- 
tion of vibration is circumferential, and the angular 
spacing between adjacent buckets varies. The other 
is a radial mode, wherein the relative radial positions 
of adjacent buckets vary. These vibratory modes 
translate Into movements of the platform surfaces of 
adjacent buckets in phased relation resulting in vari- 
ations in their angular relationships. It will be appreci- 
ated that, for the dampere to be effective, sliding en- 
gagements between the damper and platfonm surfac- 
es must be maintained for both tangential and radial 
vibrational modes and any combinations thereof. 

Vibration dampers of a variety of configurations 
have been proposed. Renders U.S. Patent No. 
2,310,412 discloses botii circular and wedge-shaped 
dampere. Circular dampere are also disclosed in 
Dodd et al. U.S. Patent No. 4,917,574. Allen U.S. Pa- 
tent No. 1,554,614; Stahl U.S. Patent No. 4,111.603 
and Hendley et al. U.S. Patent No. 4,872,812, also 
disclose wedge-shaped dampers. T-shaped dampers 
are disclosed in Hess et al. U.S. Patent No. 
4,101,246; Nelson U.S. Patent No. 4,182,598 and 
Jones et al. U.S. Patent No. 4,347.040. Even X-shap- 
ed dampere. as shown in Damlis U.S. Patent No. 
3,666.376. 
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Of these various vibration damper configurations, 
the wedge shape is probably more commonly used in 
current gas turbine engine designs. It Is found, how- 
ever, that the wedge-shaped dampere do not always 

5 achieve exact fits with the V-shaped goove-deflning 
platfomn surfaces of adjacent buckets as their angular 
relationships vary during bucket vibration and also 
due to manufacturing tolerances. That is, the dampere 
rock or become tilted under centrifugal loading, such 

10 tiiat one of the damper surfaces lifts off from its con- 
fironting platform surface. Consequentiy, effective en- 
ergy dissipating sliding action is not achieved with 
these platform surfaces, leading to premature fatigue 
failure of the buckets. 

IS 

Summary of the Invention 

It is accordingly an objective of the present inven- 
tion to provide an improved damper for dissipating vh 

20 brational energy in the buckets or blades of turbine 
sections of gas turbine engines. The improved vibra- 
tion damper is uniquely configured such that, under all 
engine operating conditions, the damper equilibrium 
position assumed under centrifugal loading assures 

25 sikling fits of the damper surfaces with platform sur- 
faces of adjacent buckets, regardless of bucket vibra- 
tional mode. As a result, frictional forces are always 
generated at the damper-platfonm interfacial surfaces 
of the adjacent buckets to effectively dissipate a sub- 

30 stantial portion of the vibrational energy in both buck- 
ets. 

To this end, the basic wedge-shaped damper 
configuration is modified In accordance with the pres- 
ent invention to provide raised pad surfaces on the 

35 two sides of the damper normally in surface-to-sur- 
face engagement with V-shaped groove-defining, 
bevelled platform surfaces of adjacent buckets. In the 
disclosed embodiment, three raised pads are utilized, 
two on the damper side facing one bevelled platform 

40 surface and the third on the damper side facing the 
other bevelled platform surface. The pads are located 
on the damper sides such that they do not lift off the 
bevelled platform surfaces for conditions up to the 
maximum coefTicient of friction characteristic of the 

45 particular combination of damper and bucket platform 
materials, regardless of the vibratory motions of adja- 
cent buckets. By assuririg that, for all equilibrium pos- 
itions of the dampere assumed under centrifugal load- 
ing, the reaction foroes exerted on the dampere by the 

50 platforms do not produce rotating moments, tilting of 
the damper is prevented. Thus, the damper pads re- 
main in sliding contact with the bevelled platform sur- 
faces to substantially dissipate vibrational energy in 
ttie buckets. r ; • 

55 The Invention thus comprises the features of cofh- 
' struction, combination of elements and arrangement 
of parts all as described hereinafter, and the scope of 
the invention will be indicated in the daims. 

2 
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Brief Description of the Drawings 

For a full understanding of the nature and objects 
of the invention, reference may be had to the following 
drawing, in which: s 

FIGURE 1 is a fragmentary sectional view illus- 
trating a conventional turbine bucket to rotor disc 
mounting arrangement utilizing prior art wedge- 
shaped vibrating dampers. 

FIGURES 2a and 2b are exaggerated illustrations io 
of two possible Inexact fits t>etween the platform sur- 
faces of adjacent buckets and a prior art damper of 
FIGURE 1. 

FIGURES 3a and 3b are exaggerated illustrations 
of damper equilibrium positrons assumed under radial is 
mode bucket vibration for the fit conditions Blustrated 
in FIGURES 2a and 2b; and 

FIGURES 4a and 4b are fragmentary sectional 
views of a vibratbn damper constructed pureuant to 
the present invention and illustrating damper equilib- 20 
rium positions under different vibratory conditions of 
adjacent turbine buckets. 

Connesponding reference numerals refer to like 
parts throughout the several views of the drawing. 

25 

Detailed Description 

Referring to FIGURE 1, a turbine section of a gas 
turbine energy includes an annular array of turbine 
blades or buckets, generally indicated at 1 0, Including 30 
root sections 12 of familiar "fir tree" configuration cap- 
tured in dovetail slots 14 formed in the periphery of a 
rotor disk 16 in uniformly angulariy spaced relation. 
Projecting radially from the root sections into the hot 
gas mainstream of the engine are cambered airfoils 35 
1 8 for converting the kinetic energy of this working flu- 
id into driven rotation of the rotor disk. Intenmediate 
the root section and airfoil of each bucket are a pair 
of platforms 20 projecting tangentially in opposite di- 
rections. The platforms terminate at radial edge sur- 40 
faces 22 which define gaps 24 between platforms of 
adjacent pairs of buckets to accommodate thermal 
expansion. The platfonms beneficially serve as 
shroud sections defining the radially inner t>oundary 
of the hot gas stream flowing axially through the tur- 45 
bine section. 

The platforms are undercut at oblique angles to 
provide bevelled surfaces 26, with the bevelled sur- 
faces of confronting shouldere defining axially extend- 
ing V-shaped grooves. Loosely captured in positions .50 
radially underiying each V-shaped groove are con- 
ventional, axially elongated vibration dampere 28 of 
triangular or wedge-shaped cross section. During ro- 
tation of the rotor disk, the dampere are propelled ra- 
dially outward by centrifugal forces into these ss 
grooves, causing their radially outwardly fiadng sur- 
faces 28a and 28b to frictionaily engage the bevelled 
platfonm surfaces 26. Consequently, when the buck- 



ets undergo vibration, the platfonm surfaces 26 slide 
relative to the damper surfaces 28a, 28b, generating 
frictional forces to dssipate the vibrational eneigy in 
the buckets. Since the dampere operate adjacent the 
root sections of the buckets where vibratory amplitude 
is small, typically less the one mil, as compared to am- 
plitudes adjacent the bucket tips, it is imperitive that 
effective sliding contact between the dampere and the 
platfonm surfaces, regardless of vibratory mode. 

As disclosed in the comnrtoniy assigned Hendley 
et al. U.S. Patent No. 4,872,812, wedge-shaped 
dampers, since they can effectivfsly dose off gaps 24, 
also serve to seal the radially inner boundary of the 
hot gas stream. Leakage of hot gases into the area in- 
wardly of platforms and loss of cooling air out Into the 
hot gas mainstream are discouraged. - ^ ^ 

For a wedge-shaped damper 28 to exactiy fit the 
V-shaped groove defined by' platform surfaces 26, 
i.e., with full surfoce interfodal contact, the damper 
and platforms must be precisely n^chined such that 
the bevelled surfaces subtend an angle equal to the 
angle between the cbnfrontihg'<lamper sides. Figure 
2a illustrates in extreme exaggeration a damper fit 
condition wherein the angle subtended by bevelled 
platform surfaces 26a and 26b is greater than the an- 
gle between confirontlng damper sides 28a and 28b. 
Assuming no bucket vibration, damper' 28 can as- 
sume a position under centrifugal load, wherein the 
damper sides 28a and 28b contact platforms 20 es- 
sentially along axial llnes'at the junctions of platform 
surfoces 26a and 26b with radial edge surfaces 22. 

FIGURE 2b illustrates the opposite situation, 
wherein the angle subtehdisd by platform surfaces 
26a and 26b is less than the angle between damper 
sides 28a and 28b. Again assuming no bucket vibra- 
tion, the damper can assume a centrtfugally loaded 
position, wherein the damper engages the platform 
surfaces along lines of contact at the axially extending 
lower edges of sides 28a and 28b. ? . ' " ^ 

It will be appreciated that the fit conditions illu- 
strated in FIGURES 2a and 2b are also affected by a 
tangential mode of vibration, when the buckets 1 8 flex 
back and forth in the cirounnferential direction in the 
manner of cantilever mounted beams. This bucket vi- 
bratory motion is reflected in oscillatory motions of the 
platform surfaces 26 of adjacent t)uckets, which gen- 
erally rise and fall in some phased relation. That is, 
one platform surface may be risirigi i.e. nraving gen- 
erally radially outward, while the other platform sur- 
face of a V-shaped groove is fallirig in some out-of- 
phase relation. It is seen that such platform surface 
relative motions will result in S^riatioris in their sub- 
tended angle and thus cha ng'esln the fit of the damper 
in the V-shaped groove. -^^^^B^S^^^^P^''' 

If, for tiie fit condition Qlustrated in FIGURE 2a, 
the buckets undergo ^yibratoi^J^^ 
when the left platfornijs mwinig^rad^ 
ative to the right platfiSm,'*damp^^ tei ro- 
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tate or rock in the docfcwise direction to the tilted equi- 
librium position illustrated in RGURE 3a. Damper side 
28a assumes full surface contact with platfonm bevel- 
led surface 26a, while damper side 28b continues to 
contact the right platfbmn essentially along the junc- 
tion between platfonm surface 26b and radial edge 
surface 22. When the relative radial motion of the 
buckets reverse, the damper can rock in the clockwise 
direction with damper side 26a lifting off from platfonm 
surface 26a and damper side 28b swinging into full 
surface contact with platfonm surface 26b. It will be ap- 
preciated that, this rocking nrration of the damper sig- 
nificantly diminishes the extent of sliding motion be- 
tween the damper and platfonms. Consequently, the 
efficacy of the damper in dissipating vibrational ener- 
gy in the buckets is severly prejudiced. 

The same damper liftoff situation exists for the fit 
condition of FIGURE 2b. FIGURE 3b iUustrates the sit- 
uation for this fit condition when the left platfonm 20 is 
rising relative to ttie right platfonm. Damper 28 rocks 
in the clockwise direction to assume an equilibrium 
positk>n with its side 28b flush against platfonm sur- 
face 26b, while only the lower edge of side 28a con- 
tacts platform surface 26a. Then when the right plat- 
form is rising relative to the left platform, the damper 
can rock in the counterclockwise direction such that 
its side 28a assumes full surface contact with platform 
surface 26a and side 28b lifts off from full surface to 
line contact with platform surface 26b. Again, such 
rocking damper motion does not produce friction for- 
ces at the platform surfaces necessary to dissipate vi- 
brational energy in the buckets. 

To preclude damper rocking motion in accor- 
dance with the present invention, a triangular or 
wedge-shaped damper, generally indicated at 30 in 
FIGURES 4a and 4b, is provided with a plurality of 
raised pad surfaces outstanding from its two radially 
outwardly facing sides 32 and 34. In the illustrated 
embodiment two pads 36 and 38 are formed on 
damper side 32 and a single pad 40 on side 34. Pad 
36 is located proximate the radially inner end of damp- 
er side 32, while pad 38 is located on side 32 at a pos- 
ition proximate the damper apex 42. Pad 40 is located 
on damper side 34 at an appropriate position between 
apex 42 and the side inner end. It will be appreciated 
that the illustrated pad positions may be swapped be- 
tween damper sides 32 and 34. 

During rotation of ttie rotor disc, the centrifugal 
force on damper 30 (vector 44 acting radially through 
the damper center of gravity 46) propels the damper 
radially outwardly into the V-shaped groove with pads 
36, 38 and 40 bearing against their confronting plat- 
form surfaces 26. For the vibratory condition illustrat- 
ed in FIGURE 3a, platfonm surface 26b is rising (arrow 
48) relative to platfonm surface 26b (arrow 50), and 
the relative sliding motions of the damper and plat- 
fonm surfaces are indicated by arrows 52. The equi- 
librium position of damper 30 is established when the 



centrifugal force on the damper is balanced by the re- 
action forces exerted on the pads by the platforms. 
For the relative bucket motion indicated by arrows 48, 
50 and a condition of maximum coefficient of friction, 
5 the damper equilibrium position is established by the 
loads exerted on pads 38 and 40 balancing the damp- 
er centrifugal load (vector 44), with the load on pad 36 
dropping to essentially zero. As long as the load on 
pad 38, represented by arrow 54, and the load on pad 
10 40. represented by arrow 56, are directed at a com- 
mon point 58 on the line of action of centrifugal load- 
ing, vector 44, there is no rotational moment acting on 
the damper that would result in a tilted or rocked equi- 
librium position. Thus the pads always remain in slld- 
15 ing contact with the platform surfaces, i.e. no lift off. 

FIGURE 4b illustrates the reverse condition, i.e. 
platform surface 26a rising (arrow 60) relative to plat- 
form surface 26b (arrow 62), with the relative sliding 
motions of the damper and platform surfaces indicat- 
20 ed by arrows 64. Again for the condition of maximum 
coefficient of friction, the equilibrium position of damp- 
er 30 is established by the damper centrifugal force 
balandng loads exerted on pads 36 and 40; the load 
on pad 38 then being essentially zero. It is seen that 
25 the load on pad 36 (arrow 66) and the load on pad 40 
(arrow 68) are also directed to a common point 70 on 
the centrifugal force line to avoid a rocking moment on 
damper 30. Thus, pads 36, 38 and 40 remain in sliding 
contact with the platfonm surfaces to substantially dis- 
30 sipate ttie vibrational energy in the buckets. " - 

It should be pointed out that the balancing loads 
on ttie pads will not consistentiy be nonmal to the pad 
surfaces. Forthe relative platform motion aiustrated in 
FIGURE 4a, wherein the balancing loads are exerted 
35 only on pads 38 and 40, the loading forces, indicated 
by annows 54 and 56, are off normal by angles 72 
whose arctangent is equal to the maximum coefficient 
of friction. The same is true of ttie pad loading forces 
66 and 68 in FIGURE 4b. The sides to which ttie pad 
40 loading force Is off nonmal depends on the directions 
of relative sliding motion between the pads and plat- 
form surfaces. ' ' - • ' • 

To establish the positions of the pads on the 
damper sides, ttie firat step is to detenmine mathemat- 
45 ically or experimentally tiiat the coefficient of friction 
of the materials used in the dampere and bucket plat- 
forms will equal or exceed the maximum value expect- 
ed in a particular situation. A suitable damper material 
may be a high strength, high temperature cobalt alloy 
50 with good lubricity, while the bucket platfonm may be 
a high strengtti, high temperature nickel alloy. The 
position of pad 38 Is then set at a location proximate, 
but suffidentiy 'removed from apex 42 so it will not 
move appreciably out Into gap 24 at Its maximum 

55 -Widtfl. -^^J^S^^^^-:^ -^r"-.':^ 

.The position of pad 40 is then established forthe 
conditions of FIGURE 4a, such that the line of action 
of loading force 56, acting on the pad mklpoint. Inter- 
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sects the line of action of loading force 54, acting on 
the midpoint of pad 38, at point 58 on the line of action 
of centrifugal force 44. Then, pad 36 Is positioned for 
the conditions of FIGURE 4b, such that force 86, act- 
ing at its midpoint, and loading force 68, acting at the 
midpoint of pad 40, are both directed at point 70 on the 
centrifugal force line of action. The three pads are 
then positioned such as to preclude rotating or rocking 
moments on the pads for conditions of maximum coef- 
ficient of friction under the extreme situations illustrat- 
ed in FIGURES 4a and 4b. 

It is thus seen that the present invention provides 
a vibration damper which, by virtue of the illustrated 
pad arrangement, is capable of assuming a stable 
three-point stance (In the manner of a three legged 
stool) in continuous sliding contact with the platform 
surfeces despite manufiacturing mismatches in the V- 
shaped groove and damper angles and vibration-in- 
duced variations in the V-shaped groove geometry. 

Since damper rocking motion and surface liftofT 
are avoided, full advantage of the minute surface slid- 
ing motions available at the damper-platfonm interfac- 
es is taken to dissipate vibrational energy in the tur- 
bine buckets. 

From the foregoing Detailed Description it is seen 
that the objectives of the present invention are effi- 
cientiy attained, and, since changes may be made in 
the construction set forth without departing from the 
scope of the invention, it is intended that matters of 
detail be taken as illustrative and not in a limiting 
sense. 

Having described the invention, what is claimed 
as new and desired to secure by Letters Patent is: 
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engagement with ttte second bevelled sur- 
face, thereby to dissipate vibrational eneiigy in 
the adjacent pair of turbine buckets. 

5 2. The damper defined in Qaim 1, wherein said 
body is wedge-shaped having a first side on 
which said firet pad is formed and a second side 
on which said second and third pads are formed. 

10 3. The damper defined in Claim 2, wherein the dl- 
menstons of sakJ first, second and third raised 
surfaces are slgnificantiy less than the dimen- 
sions of said firet and second body sides, such 
that said damper can assume a consistently sta- 
ts ble, essentially three-point stance in the V-shap- 
ed groove for all vibratory modes of the adjacent 
pair of turbine knickets. 

4. The damper defined in Claim 3, wherein the firet 
20 and second bevelled surfeces are respectively 

formed on tangentially extending platforms of the 
adjacent pair of turbine buckets. 

5. The damper defined in Claim 3, wherein the loca- 
25 tions of said firet pad on said first body side and 

said second and third pads on said second body 
side are such that the loading forces on said pads 
at the first and second bevelled surfaces do not 
produce rotational moments on said damper. 
30 ". ■•* .p : 

6. The damper defined in Claim 5, wherein the loca- 
tions of said pads on said body sides are estab- 
lished to preclude rotational moments on said 
damper under conditions of maximum coefficient 

35 of friction when the loading force on one of the 

second and third pads falls to essentially zero. 



1. A vibration damper for acting in a V-shaped 
groove defined by first and second bevelled sur- 
faces of an adjacent pair of turbine buckets 40 
mounted to a rotor dec of a gas turbine engine, 
said damper comprising, in combination: 

A. a body; 

B. a fffst pad carried by said body and having 

a firet raised surface in confronting relation 45 
with the firet bevelled surface; 

C. a second pad carried by said body and hav- 
• ing a second raised surface in confronting re- 
lation with the second bevelled surface; and 

D. a third pad carried by said body and having 50 
^ a third raised surface in confronting relation 

with said second bevelled surface; 

E. whereby, upon rotation of the rotor disc, 
said damper is propelled into the V-shaped 
groove by centrifugal force to press said firat 55 
raised surface into sliding engagement with 

the firet t)evelled surface and to press said 
second and third raised surfaces into sliding 
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FIG. 4b 
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